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In  the  medico-legal  assessment  of  cases  of  aggression  with  firearms,  imaging  techniques  have  a  particu¬ 
larly  important  role,  especially  in  the  study  of  a  bullet’s  path  through  the  victim’s  body.  The  analysis  of 
these  trajectories  can  be  performed  by  the  use  of  three-dimensional  reconstitution  techniques,  namely 
Three-Dimensional  Multi-Slice  Computed  Tomography  (3D-MSCT).  This  imaging  technique  has  been  widely 
used  in  fatal  cases,  as  a  very  important  complement  of  the  classical  autopsy  procedures,  becoming  known 
as  “virtual  autopsy”  or  “Virtopsy”.  To  our  knowledge,  no  reports  describing  the  use  of  3D-MSCT  in  non- 
fatal  cases  have  been  described  in  the  medico-legal  literature.  The  authors  present  a  case  of  a  man  with  a 
gunshot  injury,  in  the  context  of  a  multiple  aggressor  situation,  in  which  it  was  not  possible  to  extract  the 
bullet.  To  accurately  determine  the  bullet’s  trajectory,  3D-MSCT  was  performed,  thus  contributing  to  a 
more  reliable  reconstruction  of  the  crime  scene  in  which  the  victim  and  the  suspects  were  located. 

©  2009  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Forensic  radiology  methods  and  specifically  modern  cross-sec¬ 
tional  imaging  techniques  are  being  increasingly  used  in  the  rou¬ 
tine  practice  of  forensic  pathology  and  their  importance  in 
forensic  medicine  is  widely  recognized.17  Quite  the  opposite  can 
be  said  in  the  assessment  of  non-fatal  cases,  namely  in  the  forensic 
clinical  medicine  routine  practice.8  Imaging  methods  applied  to 
forensic  pathology  allow  accurate  location  of  bullets  and  their  frag¬ 
ments  in  the  body,  establishing  its  path  through  it,  and  also  allow 
an  estimate  of  the  type  and  calibre  of  the  ammunition,  among 
other  important  features.4-6  For  localizing  bullets,  classical  X-rays 
were  used  soon  after  their  discovery  by  Conrad  Rontgen  in 
1895.9  In  forensic  pathology  the  recovery  of  these  foreign  objects 
is  both  possible  and  essential,  but  this  is  not  necessarily  so  in 
non-fatal  cases.  The  retrieval  of  the  ammunition  is  always  desir¬ 
able  as  it  may  exhibit  unique  features/marks  that  help  identify 
the  particular  weapon  used  in  a  specific  situation.4,10  In  cases  of 
subjects  that  survive  their  gunshot  injuries,  recovery  of  the  bullet 
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is  not  always  possible,  as  the  location  and  potential  risks  incurred 
in  the  surgical  extraction  have  to  be  taken  into  account.  The  iden¬ 
tification  of  the  bullet’s  path  through  the  body  is  one  of  the  most 
important  questions  to  be  solved  in  any  case  of  gunshot  injury, 
fatal  or  non-fatal.4  In  those  cases  in  which  the  retrieval  of  the  bullet 
in  a  surviving  individual  is  impossible,  this  knowledge  becomes  of 
the  highest  relevance  when  reconstructing  the  crime  scene  and 
determining  the  position  of  the  victim  and  aggressor,  even  more 
in  situations  of  multiple  perpetrators. 

2.  Case  report 

In  May  2007,  a  21  year-old  man  was  examined  in  the  Forensic 
Clinical  Medicine  Department  of  the  North  Branch  of  the  National 
Institute  of  Legal  Medicine,  in  the  sequence  of  an  aggression  with  a 
firearm. 

The  crime  scene  was  a  crowded  disco  club,  were  the  victim  was 
with  a  large  group  of  friends.  Late  in  the  night,  and  after  having  in¬ 
gested  a  significant  amount  of  alcoholic  drinks,  he  got  involved  in  a 
dispute  with  a  group  of  individuals.  At  some  point  the  victim  de¬ 
scribed  that  a  gunshot  was  heard,  but  everything  was  blurred  in  his 
head,  so  he  couldn’t  notice  who  had  the  firearm  and  who  shot  him. 
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Victim  was  observed  and  given  proper  medical  attention  imme¬ 
diately  after  being  shot.  The  information  on  the  clinical  file  of  the 
hospital  described  a  perforating  wound  of  the  lateral  face  of  the  left 
leg.  Conventional  X-rays  of  the  left  leg  were  obtained  and  revealed 
a  bullet  trajectory  in  the  tibiae  with  incomplete  fracture  of  the 
bone  and  a  unique  metallic  fragment  in  the  gastrocnemius  muscle 
area.  The  attending  orthopaedic  surgeons  decided  that  no  surgical 
treatment  was  indicated,  and  prescribed  conservative  treatment  of 
the  fracture. 

In  the  medico-legal  physical  examination  performed 
6.5  months  after  the  aggression,  no  more  than  a  rounded  scar  with 
an  area  of  1  cm2  was  visible  on  the  upper  third  of  the  lateral  face  of 
the  left  leg.  As  there  was  no  exit  wound,  this  data  was  not  sufficient 
for  the  proper  establishment  of  the  bullet’s  path.  Conventional  X- 
rays  performed  during  the  following  healing  months  (antero-pos- 
terior,  oblique  and  lateral  incidences  of  the  left  leg)  were  also  not 
accurate  enough  in  the  determination  of  the  trajectory,  as  the  heal¬ 
ing  process  of  the  living  bone  tissue  began  to  mask  the  entrance 
point  and  to  create  some  artefacts  along  the  path. 

By  that  time,  the  police  investigation  came  up  with  a  few  sus¬ 
pects,  but  there  was  no  bullet  for  comparison  with  the  alleged  fire¬ 
arm,  and  only  the  witnesses  present  at  that  night  could  eventually 


Fig.  1.  3D-volume  rendered  image  (anterior  aspect:  A)  revealing  the  projectile 
entrance  point  (1 )  and  exit  point  (2)  along  with  small  bone  fragments.  It  can  also  be 
identified  one  bullet  fragment  in  the  soft  tissue  area  (3),  along  with  the  typical 
linear  artefact. 


help  to  reconstitute  the  crime  scene.  Thus,  there  was  an  increased 
need  to  determine  as  accurately  as  possible,  the  exact  path  of  the 
bullet  in  the  victim’s  body. 

MSCT  scanning  of  the  leg  was  performed  on  a  64-slice  CT  scan¬ 
ner  (Somaton  Sensation  Cardiac,  SiemensMedical  Solutions,  Forch- 
heim,  Germany)  with  0.75  mm  collimation.  No  oral  or  intravenous 
contrast  was  administered.  The  images  were  reconstructed  at 
0.5  mm  intervals  and  the  total  examination  time  was  4.5  s.  The  ax¬ 
ial  thin  images  were  then  loaded  into  a  Leonardo  workstation 
equipped  with  Syngo  CT  software  (Siemens  Medical  Solutions, 
Forchheim,  Germany),  and  two  and  three-dimensional  reconstruc¬ 
tions  were  performed  using  different  algorithms. 

The  3D-MSCT  performed  revealed  a  trajectory  up-to-down,  left- 
to-right  and  anterior-posterior  in  the  upper  third  of  the  tibiae 
(Figs.  1  and  2).  It  also  demonstrated  the  presence  of  two  metallic 
density  fragments  of  the  bullet,  one  of  them  still  located  in  the 
medullar  canal  of  the  tibiae  and  the  other  one  in  the  gastrocnemius 
muscle  area  (Figs.  1  and  2).  The  entrance  point  and  the  skin  lesion 
were  also  clearly  identified  in  the  soft  tissue  3D  reconstruction 
(Fig.  3). 


Fig.  2.  3D-volume  rendered  image  (left  aspect:  L)  revealing  the  projectile  entrance 
point  (1)  along  with  small  bone  fragments.  The  typical  linear  artefact  is  caused  by 
the  presence  of  the  metallic  particles. 
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Fig.  3.  3D-volume  rendered  image  from  the  anterior  aspect  of  the  knee,  with  skin 
filter,  revealing  the  scar  at  the  entrance  point  (1 )  and  the  linear  artefacts  induced  by 
the  presence  of  metallic  fragments. 


3.  Discussion 

Conventional  X-ray  examinations  when  used  to  assess  bullet 
fragments  location  and  their  trajectory  in  the  victim’s  body  have 
a  very  well  known  and  important  limitation:  transforming  a  three 
dimensional  body  area  into  a  two  dimensional  image.4,8  Although 
the  utilization  of  two  orthogonal  projections  can  aid  in  the  deter¬ 
mination  of  the  fragment’s  location,  they  may  be  difficult  to  per¬ 
form  in  some  patients. 

Conventional  CT  has  the  advantage  of  being  able  to  accurately 
depict  the  location  of  the  fragments,  but  only  in  the  axial  plane. 
These  axial  images  can  be  reformatted  in  other  planes  but  the  res¬ 
olution  is  not  always  adequate  and  the  final  result  is  often 
unsatisfactory.8 

The  recent  introduction  of  multislice  CT  scanners  has  enabled 
the  acquisition  of  truly  isotropic  data  sets  with  submillimetre  res¬ 
olution.  One  of  the  major  benefits  of  this  technique  is  the  possibil¬ 


Fig.  4.  3D-volume  rendered  image  with  special  filter  for  metallic  density  material 
demonstrating  the  two  fragments  of  the  projectile  and  the  multiple  thin  metallic 
particles  trail  along  the  trajectory,  coded  in  blue. 


ity  to  reconstruct  the  data  set  obtained  in  any  plane  desired,  as 
well  as  to  perform  truly  3D  reconstructions  and  to  obtain  volume 
rendered  images  using  different  algorithm  reconstructions.  The 
soft  tissue  algorithm  used  in  this  case  clearly  demonstrated  the 
cutaneous  lesion  present  at  the  time  of  the  examination  (Fig.  3) 
while  the  metallic  algorithm  reconstruction  was  particularly  useful 
in  the  depiction  of  the  location  of  the  metallic  fragments  as  well  as 
the  millimetric  metallic  particles  along  the  bullet’s  path  (Fig.  4). 

The  result  of  the  three-dimensional  study  performed  in  this 
case  is  currently  held  by  the  police  authority  in  charge  of  the  inves¬ 
tigation.  The  outcome  of  this  investigation  is  still  unknown  to  the 
authors  since  the  case  is  still  open.  Nevertheless,  feedback  given 
by  the  police  authority  revealed  that  the  three-dimensional  recon¬ 
stitution  performed  in  this  situation  was  of  great  importance  in  the 
reconstruction  of  the  crime  scene. 

4.  Conclusions 

In  the  present  case,  examination  with  3D-MSCT  yielded  supe¬ 
rior  and  more  reliable  results  with  respect  to  the  documentation 
and  reconstitution  of  the  inflicted  gunshot  wound.  These  results 
were  possible  due  to  the  specific  characteristics  of  this  technique, 


410 


I<.  Puentes  et  al./Journal  of  Forensic  and  Legal  Medicine  16  (2009)  407-410 


which  allow  multi-planar  reconstructions  in  any  orientation  or 
plane.  This  enabled  a  correct  evaluation  of  the  bullet’s  skin  en¬ 
trance  point,  its  path  in  and  after  its  exit  of  the  bone,  as  well  as 
establishing  its  relation  with  the  enveloping  soft  tissues.  The  cor¬ 
rect  location  of  the  two  metallic  fragments  present  in  the  soft  tis¬ 
sues  was  also  possible  to  establish.  This  case  highlights  the 
importance  and  possible  role  of  3D-MSCT  in  the  criminal  investiga¬ 
tion  of  cases  of  multiple  suspects  in  which  an  accurate  determina¬ 
tion  of  a  bullet’s  trajectory  is  required. 
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